Abstract. Modeling and observations provide evidence of the existence of a tertiary ozone maximum in the middle mesosphere restricted to winter high-latitudes. This local maximum occurs at approximately 72 km altitude, at latitudes just equatorward of the polar night terminator. Model analysis indicates that this maximum is the result of a decrease in atomic oxygen losses by catalytic cycles involving the odd-hydrogen species OH and HO2. In the middle mesosphere, at high latitudes, the atmosphere becomes optically thick to ultra-violet radiation at wavelengths below 185 nm. Since photolysis of water vapor is the primary source of oddhydrogen, reduced ultra-violet radiation results in less oddhydrogen and consequently lower oxygen loss rates. The consequent increase in atomic oxygen results in higher ozone because atomic oxygen recombination remains the only significant source of ozone in the mesosphere.
Introduction
where M is a "third body", i.e. molecular nitrogen or oxygen. Observations and models show that the maximum stratospheric ozone mixing ratios are located between 30 and 35 km in the tropics. The presence of a "secondary maximum", near the meso- 
Modeling
A middle mesaspheric tertiary maximum in ozone has been modeled in both two-and three-dimensional models.
For example, the two-dimensional model of Brasseur et al.
[ At 2.5øS latitude, as time progresses and the Sun's elevation becomes larger, water photolysis is enhanced and the concentration of OH increases. Consequently, the net odd-oxygen production decreases, and even becomes negative after 10 am. In the afternoon, as the concentration of photochemically produced odd-hydrogen decreases with decreasing solar elevation, the O• loss rates decrease, and near sunset, the net source becomes close to zero. In contrast, at 67.5øS, after the initial rise in O• production, the net production remains positive throughout the day because the concentration of OH remains small during daytime. In both cases, just after sunset, there is a brief increase in Ox loss rates due to the rapid conversion of atomic oxygen to ozone and the consequent loss through the following reaction:
H + Oa --> OH + 0•.
As atomic hydrogen is rapidly converted to OH after sunset (clearly seen in Figure 4b ), the effectiveness of this loss channel decreases over a few hours.
The tropical and high-latitude net odd-oxygen sources at 72.5 km integrated over 24 hours are both small (nearly photochemical equilibrium conditions). In this situation, the equilibrium value for odd-oxygen is approximately the ratio of mean production to mean loss. Odd-oxygen values at high latitudes are higher than at the tropics because the ratio of production to loss for odd-oxygen is much larger at high-latitudes, and therefore the equilibrium value will be much higher. 
Summary
Recent satellite observations reveal the existence of a local maximum in mesospheric ozone mixing ratios near 72 km, that occurs only in the wintertime hemisphere at highlatitudes. Modeling using a 3-dimensional chemical transport model reveals that the maximum is caused by low concentrations of odd-hydrogen and the subsequent decrease in odd-oxygen losses through catalytic cycles involving hydroxyl. These low concentrations are caused by diminished water vapor photolysis rates-the result of solar radiation at wavelengths below 185 nm being sharply attenuated by the large optical depths at high latitudes. On the other hand, odd-oxygen continues to be produced by O2 photolysis by radiation at longer wavelengths which is not attenuated as sharply. Therefore, the local maximum is caused by a relatively large decrease in destruction, not matched by a decrease in production. While models and data agree on the position of the maximum, there appears to be a discrepancy between model predictions and observations of the peak mixing ratio at the by the Thermosphere Ionosphere Mesosphere Energetics and Dynamics satellite (whose orbit has good coverage of the polar regions) will provide a long term characterization of the tertiary maximum, and allow resolution of this discrepancy.
